Context: Orthodontic devices lead to significantly greater plaque accumulation and gingival inflammation resulting in a change of gingival flora from cocci and rods to motile organisms like spirochetes. Aims: The aim was to study the effect of various oral hygiene products on the microbial flora in patients undergoing orthodontic treatment. Materials and Methods: The microbial composition of 40 patients, divided into four groups of 10 patients each, was evaluated. Group I patients were prescribed nonfluoridated dentifrice which act as the control group, Group II patients were given fluoridated dentifrice while in Group III and Group IV fluoridated mouth rinse and cetylpyridinium chloride mouth rinse, respectively, along with nonfluoridated toothpaste was prescribed. The plaque sample was collected at the start of orthodontic treatment, after 30 days, 60 days and 90 days for all the patients. The microscopic slides were prepared and observed under dark field microscopy at the magnification of ×1000 and microbes were classified as cocci, spirochetes, fusiforms, filaments, and rods. Results: After applying analysis of variance and Tukey honest significant difference test, it was observed that after 30 days, only the proportion of filaments was found to be significantly higher in Group I. After 60 days, Group I had significantly lower proportion of cocci and a higher proportion of rods as compared to other groups. After 90 days, Group I had significantly higher count of rods, filaments, fusiforms, and spirochetes as compared to Groups III and IV. Conclusion: Less amount of the microbial shift to the pathogenic organisms was seen in the patients in whom mouthwashes along with tooth brushing were prescribed.
INTRODUCTION
Orthodontic devices on the buccal and lingual surfaces of teeth upset the defl ective role of the gingiva. [1] Banded patients have greater plaque accumulation and gingival infl ammation. [2] In healthy gingival crevice, flora consists mostly of Gram-positive facultative anaerobic cocci and rods. [3] Progress to destructive periodontitis leads to increase in Gram-negative facultative anaerobes and motile organisms like spirochetes. [4] Current chemotherapeutic approaches oral hygiene aim to modify the oral microfl ora to promote healthy tissues.
to the regular methods in orthodontic patients undergoing fi xed mechanotherapy.
MATERIALS AND METHODS

Ethics
The study is ethically approved by Institutional Ethical Committee, Maharishi Markandeshwar University, Mullana, Ambala as Project No: IEC-77.
Forty subjects with different types of malocclusion requiring fi xed orthodontic treatment were chosen among the patients.
The inclusion criteria were:
• All the patients had malocclusion which requires fi xed mechanotherapy • All the subjects were in good health and had not been prescribed any antibiotics during the 3 months preceding the study.
The patients were randomly selected into four groups (10 patients each) Table 1: Brand name: Colgate Palmolive India Ltd in Gurgaon, Delhi.
At the beginning of the study, each patient was given full mouth prophylaxis and was instructed in the modifi ed bass brushing technique.
A sterilized periodontal curette was introduced through the sulcus or pocket orifi ce as far apically as possible, and the bacterial contents were removed from the facial surface of maxillary molars [ Figures 1 and 2 ]. Plaque samples were processed for dark fi eld examination according to the method of Listgarten and Hellden. [5] The sample, immediately after removal, was suspended in a sterile 0.85% sodium chloride solution containing 1% gelatin by vigorously agitating the tip of the instrument in the solution. Bacterial sample was dispersed in 0.1-0.3 ml of solution obtained from single surfaces. In order to minimize clumping and the loss of bacterial motility, sample was prepared, and the examination was completed within 1-2 h of their collection. The bacterial suspension was dispersed just prior to the examination by aspirating and expelling the fl uid three times through a disposable tuberculin syringe equipped with a 23-gauge needle. Special care was taken to avoid excessive bubbling of air during the dispersion. One drop of the suspension was applied to a microscopic slide, and coverslipped. The slide was examined by dark fi eld microscopy at a magnifi cation of ×1000 under oil immersion of Nikon 80i Eclipse microscope. The bacteria were observed and classifi ed on a morphologic basis as cocci [ Figure 3 ], spirochetes [ Figure 4 ], fusiforms [ Figure 5 ], fi laments [ Figure 6 ], and rods [ Figure 7 ]. Hundred bacteria from fi elds selected at random were classifi ed into fi ve morphological categories. [5] After baseline examination, the orthodontic treatment was initiated. Fixed appliance was placed on the teeth. Bacteriologic dark fi eld examination was carried out at 30, 60, and 90 days interval after the beginning of orthodontic treatment in all the groups. 
RESULTS
At the start of the treatment, the plaque sample was taken and observed under dark fi eld microscopy. The mean microbial profi le of the patients enrolled in different groups was analyzed [ Table 2 ].
After 30 days, the mean microbial profi le of patients in different groups showed that cocci comprised the maximum proportion in all the groups with the mean value of 80.30 ± 9.25 in Group I, 83.90 ± 3.70 in Group II, 86.00 ± 7.18 in Group III, and 86.10 ± 3.57 in Group IV followed by rods which had maximum mean value of 14.30 ± 14.85 in Group I and minimum value of 8.70 ± 4.32 in Group III then were fi laments which had minimum count of 3.90 ± 1.20 in Group IV and maximum of 6.70 ± 2.45 in Group I. Fusiforms and spirochetes comprised of the minimum proportion of 0.00 ± 0.00 and 0.20 ± 0.42 in Group IV, respectively. After applying Tukey honest signifi cant difference (HSD) test, it was observed 
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CPC − Cetyl pyridinium chloride that except for difference between Group I and IV for proportion of fi laments (P < 0.05), none of the between group differences were found to be signifi cant statistically. The proportion of fi laments was found to be signifi cantly higher in Group I as compared to Group IV (P < 0.05).
At day 60, the comparison of mean value for microbial profi le of patients in different groups showed that although cocci comprised of the maximum proportion (64.10 ± 17.85 in Group I, 76.50 ± 5.28 in Group II, 84.10 ± 6.14 in Group III, and 84.50 ± 4.50 in Group IV) in all the groups followed by fusiforms (1.80 ± 1.99 in Group I, 0.60 ± 0.84 in Group II, 0.70 ± 0.95 in Group III, and 0.40 ± 0.52 in Group IV) while spirochetes (2.30 ± 1.77 in Group I, 1.70 ± 1.34 in Group II, 1.50 ± 1.43 in Group III, and 1.20 ± 1.14 in Group IV) comprised the minimum proportion.
Tukey HSD test showed that Group I (P < 0.05) had signifi cantly lower proportion of cocci as compared to Group II and very highly signifi cant lower proportion of cocci as compared to Group III and Group IV (P < 0.001). Group I had signifi cantly higher proportion of rods as compared to Groups III and IV (P < 0.05) and highly signifi cant higher proportion of fi laments as compared to Groups III and IV (P < 0.001). None of the other differences were signifi cant statistically.
The mean values for microbial profile of patients in different groups at day 90 showed that cocci count was maximum in Group III (81.80 ± 7.28) and minimum in Group I (55.70 ± 15.36). Rods were maximum in Group I (22.60 ± 9.14) and minimum in Group III (10.10 ± 4.31). Filaments were also maximum in Group I (15.20 ± 7.98) and minimum in Group IV (0.60 ± 0.70) while count of fusiforms and spirochetes was also maximum in Group I (2.50 ± 1.35 and 3.80 ± 1.03, respectively). Count of fusiforms was minimum in Group IV (0.60 ± 0.70) whereas count of spirochetes was minimum in Group III (1.20 ± 1.23).
The Tukey HSD test also showed that cocci are very highly signifi cant in Group I as compared to Group III and Group IV (P < 0.001). Group II has signifi cantly less proportion of cocci as compared to Group I (P < 0.05) and significantly more proportion as compared to Group III and Group IV (P < 0.05) Figure 8 . For rods, Group I had signifi cantly higher count as compared to Group II (P < 0.01) and highly signifi cant higher count as compared to Groups III and IV (P < 0.001) Figure 9 . The proportion of fi laments was signifi cantly higher in Groups I and II. Group I had very highly signifi cant values of fi laments as compared to Groups III and IV (P < 0.001). Group II also had signifi cantly higher count of fi laments as compared to Groups III and IV (P < 0.05) Figure 10 .
For fusiforms, Group I had signifi cantly higher count as compared to Groups III and IV (P < 0.05) while Group II had significantly higher count as compared to Group IV (P < 0.05) Figure 11 . The proportion of spirochetes was signifi cantly higher in Groups I and II as compared to Groups III and IV (P < 0.05). Group I had highly signifi cant difference in spirochetes count as compared to Groups III and IV (P < 0.01 Figure 12) [ Table 3 ].
DISCUSSION
Orthodontic treatment with fixed appliances alters the oral environment, increases the plaque amount, changes the composition of the fl ora, and complicates the cleaning for the patient. Gingivitis and enamel decalcifi cation around fi xed appliances are frequent side effects when preventive measures have not been implemented. [20, 21, 24] Kim et al. fi nd that the placement of orthodontic appliances affects the subgingival microbial composition, increasing the prevalence of periodontopathogens, especially in the molar region. [6] Corbett et al. and Balenseifen et al. also found signifi cantly higher levels of Streptococcus mutans in banded orthodontic patients with an increase of plaque pH, carbohydrate content, and microbial populations. [7, 8] There are many studies which also showed the detrimental effects of plaque accumulation around orthodontic brackets and bands leading to change in microbial fl ora. Therefore, an effective oral hygiene is essential for patients undergoing orthodontic treatment. The various oral hygiene methods used by the dentists are brushing, fl ossing, and mouth rinsing. [3, 4, [9] [10] [11] [12] [13] A healthy periodontium appears to be associated with scant microbial flora located almost entirely supragingivally and are comprised mainly of Gram-positive coccal forms. Progress to destructive periodontitis coincides with the dominance of the Gram-negative facultative anaerobes and the presence of increasing numbers of motile organisms such as spirochetes and fi laments.
[4]
The current study was designed to test the efficacy of different oral hygiene products commonly used by the orthodontists to improve the oral health of their patients with fixed mechanotherapy. All the patients in this study, when analyzed had a similar kind of microbial profile which comprised of the In the study done by Listgarten and Hellden in 1978, the coccoid cells were more predominant at normal sites (74.3% vs. 22.3%), while at diseased sites motile rods were more frequent (12.7% vs. 0.3%), as well as curved rods (7% vs. 0%), small spirochetes (12.6% vs. 1.1%), medium-sized spirochetes (18.5% vs. 0.5%), and large spirochetes (6.7% vs. 0.2%). [5] In Group II, fl uoridated toothpaste was prescribed to maintain oral hygiene of the patients. The presence of fl uoride ions causes a disturbance in the bacterial enzyme systems. There was a reduction in the number of cocci from 89.1% to 69.6% at day 90. There was an increase in a number of rods which was 7.9% at the start of the treatment to 9.7% after 30% at day 60 and 13% at day 90. Filaments also increased from 2.9% to 12.4% at day 90. Similar kind of increase was seen in fusiforms which was 0% at the baseline and then increased to 1.9% after 90 days. 0.1% of spirochetes were present at the start of orthodontic treatment which increased to 0.8% at day 30, to 1.7% at day 60, and 3.1% at day 90. The increase seen in the proportion of rods, fi laments, fusiforms, and spirochetes was signifi cant statistically (P < 0.01).
The patients in Group III were prescribed a fl uoridated mouthwash along with nonfl uoridated toothpaste. There was a mild reduction in the number of cocci from 89.2% to 81.8% at day 90. The proportion of rods increased from 7.1% to 8.7% after 30 days, to 9.3% after 60 days and further to 10.1% after 90 days. Filament also increased from 3.1% to 4.5% at day 30, to 6% at day 90. The increase seen in fusiforms and spirochetes was not signifi cant statistically (P > 0.05).
In Group IV, in addition to normal oral hygiene measures with nonfluoridated toothpaste a cetylpyridinium chloride (CPC) mouthwash was prescribed to maintain oral hygiene. CPC is an antimicrobial agent that damages cells by interacting with bacterial membranes. [3] In our study, after using CPC mouthwash there was a shift in the microbial fl ora which showed a reduction in cocci from 89.4% to 81.3% after 90 days. There was an increase in the count of rods from 8% to 10.7% after 90 days of the start of orthodontic treatment. Filaments also increased from 2.4% to 5% after 60 and 90 days. Similar increase was seen in fusiforms from 0% to 0.6% and spirochetes from 0.2% to 1.5% in 90 days.
Thus, it was seen that there was an overall increase in all organisms except cocci over the period of our study which was highly signifi cant (P < 0.001). Since cocci are considered to be the healthy fl ora, they showed a decrease in the proportion while the other microbes which are considered to have high pathogenic potential showed a signifi cant increase over a period of 90 days.
Huser et al. found that initially in the test group, that is, in which orthodontic bands were placed, the bacterial fl ora was composed almost exclusively of cocci. Spirochetes or rods were detected in extremely low numbers. At day 47, after the placement of bands, they observed a signifi cant increase in the percentage of spirochetes, motile rods, fi laments, and fusiforms; conversely, noted a decrease in cocci (P < 0.01). [14] Akande et al. concluded that CPC containing mouthwash reduced oral microbial load counts when used as an adjunct to normal oral hygiene procedures. At the same time, they also suggested that the inhibitory power of CPC on oral microbes is greater than phenol-and triclosan-containing mouthwashes. But according to our results, CPC mouthwash is less effective in controlling the negative microbial shift in dental plaque as compared to fl uoride containing mouthwash. [15] Cummins and Creeth suggested that the clinical effi cacy of an antiplaque agent is characterized by a combination of intrinsic antibacterial activity and good oral retention properties. [16] A review done by Domenick T Zero showed that in addition to the inherent properties of a fl uoride dentifrice product, biological, and behavioral factors can modify its antiplaque and anticaries effectiveness. The "application" phase and the "retention" phas e are the main determining factor s. The fl uoride mouth rinses can lead to higher levels of oral fl uoride retention than fl uoride dentifrice. [17] Charles et al. and Gunsolley had done a comparative study on effi cacy of mouth rinse and dentifrice and concluded mouthwash used along with a dentifrice produced a signifi cantly greater benefi t in reducing plaque. In this study also mouth rinses, whether fl uoridated or CPC mouthwash, along with tooth brushing proved to be more effective as compared to the use of fl uoridated toothpaste alone. [18, 19, 22, 23, 25] Looking at the results of our study, we can safely say that the mouth rinses along with good brushing technique with nonfl uoridated toothpaste are more effective in maintaining good oral hygiene of the patients. Among the mouth rinses, fl uoridated mouth rinse seems to be more effective as compared to the mouth rinse containing CPC. Therefore, we can conclude that tooth brushing alone is not good enough in maintaining oral hygiene of the patients undergoing orthodontic treatment and a mouthwash need to be prescribed to maintain an effective oral hygiene. Hence, according to our study, fl uoride mouthwash with normal oral hygiene measures is the most benefi cial for orthodontic patients and it should be prescribed to all the patients to maintain an effective oral hygiene during the course of orthodontic treatment.
